Langmuir probe sampling tips are made of a linear carbon fiber composite. The mechanical, electrical, data acquisition and power supply systems design will be described. Initial measurements will also be presented.
INTRODUCTION
A fast reciprocating probe has been installed in the lower divertor of the DIU-D tokamak which can provide high spatially resolved profiles of density, electron temperature, floating potential, and flow up to 25 cm above the floor, the height of a typical X-point. The divertor plasma is poloidally anisotropic (a two dimensional structure) and localized measurements are needed here to verify or extend our understanding of the important physics at work. One of the objectives of these measurements is to measure gradients on open field lines with a fixed Langmuir probe array across the divertor floor, another reciprocating probe1 near the midplane and a divertor Thomson scattering system.2 Additionally, the divertor reciprocating probe measurements can be used to verify measurements from a new divertor Thomson scattering system3 along a vertical chord at the same major radius. Flows, an important parameter in modeling, and electrostatic fluctuation levels, indicative of convection and various instabilities, can also be measured by this probe and are useful in understanding the physics of divertors. By changing the magnetic configuration, the probe can sample the inside and outside legs of the divertor including the private flux region, scrape-off layer, and core plasma. The comparison of probe and Thomson scattering measurements under different conditions will be useful for verification of both systems. The detailed local measurements in the divertor will also be useful for studies of radiatively cooled zones in and around the X-point or the divertor floor occurring naturally or by deliberately raising the neutral pressure in the d i~e r t o r .~ The divertor reciprocating probe has been developed in collaboration with the University of California, $an Diego and General Atomics and was installed on DIII-D in the summer of 1995.
MECHANICAL DESIGN
The probe system is mounted below the tokamak vacuum vessel in order to complement the other diagnostics which are measuring in the lower divertor of DIII-D, The configuration is shown in Fig. 1 . The probe mechanical support structure consists of two concentric inconel tubes supported by transformation toughened zirconia (TTZ) sleeve bearings.
The larger tube (73 mm diam, 6 mm wall) provides mechanical support and electrical isolation for the fast moving 25 mm diameter tube which carries the graphite probe head into the divertor plasma. The large tube position is adjusted with a stepping motor through two coupled ACME drive rods. The stepping motor drive can be used under the machine to lower the entire assembly to the floor (no crane access). The frictional forces at the bearings, normally dominated by perpendicular loads, are very low for the vertical structure. The disadvantage of this bottom mounted orientation is that particulate matter can fall into the sleeve bearings and shields were added to prevent this. The entire assembly is supported by the torus hall floor and fixed at the top flange by a rigid side support structure attached to the large tube main bearing.
The pneumatically driven air piston pushes the rigid probe shaft Because disrupting plasmas tend to go down and often terminate on the lower divertor floor, the probe had to be designed to survive the expected conditions without catastrophic damage. This put constraints on the probe electrical and mechanical properties. The probe tip, drive shaft, and support shaft are all isolated from each other. This provides two electrical breaks so current cannot flow down the axis of the probe shaft and across the magnetic field. This greatly reduces the possible JxB force on the probe. All support shafts are insulated by G-10 (borosilicate fiberglass) high temperature shaft isolation sleeves to prevent large currents flowing around loops in the stainless steel support structure and to isolate the moving parts from the vessel potential.
PROBE TIP DESIGN
The probe is designed to operate at auxiliary heating power levels of 10 MW and to survive disruptions (both thermal and current quench phases), edge localized modes (ELMS), and vertical displacement events (VDEs). Estimates of the heat flux expected on the plasma facing surfaces of the probe tip were obtained from a survey of the floor grazing incidence heat flux measukements in the DIII-D boundary database and were used to calculate the thermal response of the probe tip to heat flux parallel to the magnetic field lines in both one and two dimensions. For most cases, the heat flux is intense (<260 MW/m2) for short periods (<lo0 ms) and therefore the maximum surface temperature could be characterized by a one-dimensional analysis using temperature dependent properties of the materials. For normal operating conditions we restricted the surface temperature to less than 1600°C. Two-dimensional finiteelement analysis was performed using PATRAN and ABAQUS and geometric effects such as stresses resulting from differential expansion were included. The disruption, ELM, and VDE heat flux scenarios were all based on DIII-D measurements. Graphite ablation rates, using the heat of vaporization of graphite5 of 75 kJ/gm, were estimated for thermal quench disruptions and found to be an acceptable 0.3 mm of material per event.
The probe tip has only low 2 materials facing the plasma: graphite To add strength to the probe tip assembly, a 3D carbon fiber composite rod is used as a core for the washer stack. This 3D carbodcarbon fiber composite interior support rod has high strength, low Z, matches the PG washer radial expansion, and also has a pyrolytic BN insulating coating which limits current flow and reduces JxB forces. The probe tip is deliberately designed to be the weakest link in the load bearing structure so as to protect the fast moving mechanism and allow proper retraction. The bearings are all designed to take the JxB forces even in the case where current does flow down the probe tip axis.
MEASUREMENTS OF PHYSICAL PARAMETERS
There are five collectors: two tips can be used for a double probe or two single probes to get density and electron temperature measurements 
IV. CONTROL AND DATA ACQUISITION
The X-point probe interlock system is controlled by a GE Fanuc 
V. OPERATION AND RESULTS
The probe has operated reliably for 6 months and has obtained unique and interesting information about the DIII-D divertor. After 5 months of operation with the tokamak, we inspected the probe tip and found it to be in very good condition with little sign of erosion.
We monitor the probe head with an infrared camera looking down at the divertor floor and we observe the probe surface temperature rise as it penetrates the separatrix. Typical profiles of density and temperature are shown in Figure 5 By sweeping the divertor plasma strike points, it is possible to obtain 2-D information on the divertor plasma conditions, since the probe retraces a different part of the divertor plasma. We calculate the relative position of our probe tip every few milliseconds with EFITD65Ysy9 in order to know our location with respect to the divertor magnetic structure.
CONCLUSIONS
The probe has demo strated the fast time response, detailed spatial profile capability, and high power handling capability that will be needed for future divertor research. It will provide useful data for divertor characterization studies and modeling efforts, and information needed for advanced divertor designs.
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